Objective-To investigate whether patients with angina-like chest pain and normal coronary angiograms are more sensitive to adenosine as an inducer of chest pain.
Despite studies on many patients with anginalike pain and normal coronary angiograms, the mechanisms of the syndrome are unclear."A The causes may be multifactorial and a decreased capacity to dilate the coronary arteries and to increase coronary blood flow in response to pharmacological provocation with dipyridamole or rapid atrial pacing has been suggested.56 A lower threshold and tolerance to both ischaemic pain and electrical skin stimulation on the forearm have been reported in women with syndrome X. 7 The links between myocardial ischaemia and chest pains are not completely clear though adenosine was proposed by Sylveii et al to be a metabolic messenger.89 Adenosine given intravenously or directly into a coronary artery induced angina-like pains without the electrocardiographic (ECG) signs of ischaemia both in patients with ischaemic heart disease in healthy volunteers.81011 Patients with predominantly silent ischaemia tolerate higher doses of adenosine than patients with predominantly painful ischaemia. '2 When dipyridamole is given to patients with ischaemic heart disease for the study of thallium-201 scinitigraphy or echocardiography, chest pains are reported by up All antianginal medication was stopped and the subjects were told to abstain from xanthine-containing food and drinks for at least 12 hours before the experiment. No other premedication was given except 3 g amoxycillin and 15 mg oxazepam to those who were catheterised to measure coronary sinus blood flow at the same time.
The study was approved by the local ethics committee. The background and the procedure were thoroughly explained to the subjects before consent was obtained.
PROCEDURE
The sterile solution of adenosine (5-3 mg/ml, Janssen) was prepared by the hospital pharmacy. In a single blind manner adenosine or saline was injected rapidly as a bolus injection into an antebrachial vein. After each dose the vein was flushed with 5 ml saline. The initial dose was 2-5 mg adenosine. Based on the pain response the dose was increased or decreased in small steps in order to reach the "highest dose not giving pain" and the "lowest dose giving pain". The adenosine dose was changed in a single blind manner in irregular steps and adenosine was alternated with injections of saline. The dose was thereafter increased step by step until the subject refused a further increase, ST depression was seen on the electrocardiogram, or an atrioventricular block II-III occurred. This dose was defined as the "maximum dose". The dose intervals were lower for low doses and higher when higher doses were given. Doses of adenosine between 0 1 and 15 mg were given. The next dose was given 3-5 minutes after the disappearance of pain or other symptoms caused by the previous dose.
At the onset of pain the patient raised his or her left hand, when the maximum pain began to subside the hand was lowered half way, and when the pains had disappeared the hand was lowered to the supine position. These time points were noted on the online recording of the electrocardiogram (V1-V6) (25 mm/s).
The magnitude of maximal pain was rated according to a category-ratio scale designed to quantify perceptual intensities, the Borg CR-10 scale.'7 The patient was also asked to describe the location and the character of the pain, especially with respect to differences from and similarities to his/her experience of angina.
In five patients in group A and five patients in group B a coronary sinus flow catheter (WiltonWebster, USA) was introduced via the right internal jugular vein into the coronary sinus under fluoroscopic control. The position was tested by injection of contrast medium. The coronary sinus blood flow was determined by the thermodilution technique.'8
STATISTICAL ANALYSIS
Values are expressed as means (SD) unless otherwise stated. We used the Kruskal-Wallis test for analysis of variance, the MannWhitney U test for intergroup differences between unpaired samples, and the Wilcoxon signed rank test to test for statistical heterogeneity between paired samples.
Results
In the absence of ischaemic electrocardiographic signs injection of adenosine into a peripheral vein induced pain in all patients in groups A and B. The pain was mainly located in the chest and was described as being the same as the patient's habitual angina in quality and location. In group C intravenous injection of adenosine resulted in chest pain in 14 of 16 subjects. In two ofthe subjects the dose was not increased because an atrioventricular block occurred before any chest pain was noted. Table 1 and fig 1 summarise the pain reactions to adenosine injection. The highest dose not giving pains, the lowest dose giving pains, the maximum dose of adenosine were lower in group A than in group B and in group C. These differences were all statistically significant (p < 0.05) and the differences in threshold remained when differences in body weight were accounted for. The pain appeared earlier (p < 0-005) and lasted longer (p < 0-001) after the maximum dose than after the lowest dose of adenosine. The degree ofpain, according to the Borg CR-10 scale, was lower in group C than in group A (p < 0 05). Figure 2 highlights the relation between the maximum dose of adenosine given and the degree of the reported pain. Short periods of atrioventricular block II and III developed in 15 subjects (one in group A, three in group B, and 11 in group C) and a short sinus arrest/sinoatrial block was seen in one of the subjects (group B) after adenosine injection. The longest duration of block was 5 s. The mean lowest dose of adenosine resulting in block was 10-0 (4 3) mg. The mean time from the start of the injection to the beginning of the block was 15 (4) s, and this was not statistically different from the time of injection to onset of pain (16 (4) s) in these subjects. The uneven distribution of the appearance of atrioventricular blocks could not be taken as an indication of different electrophysiological response to adenosine in the three groups because the maximum doses differed between the groups. Table 2 shows the effect of adenosine on coronary sinus blood flow. There was no statistically significant difference between groups A and B in terms of the beginning of the increase in coronary sinus blood flow or in the time from injection to flow increase or from injection to maximum flow. Nor was there any difference in Figure 2 Relation between the maximal bolus dose of adenosine given intravenously and the degree ofpain provoked according to the Borg CR-1O scale in groups A, B, and C. When the results for all the subjects were analysed together we found that the lowest dose giving pain resulted in a coronary sinus blood flow increase that came earlier (15 (4) s) than the pain (21 (4) s, p < 001). This also occurred when the maximum dose of adenosine was injected (15 (3) s and 18 (4) s, respectively, p < 0.01).
Injection of saline did not result in any pain or increase in coronary sinus blood flow or lead to atrioventricular block in any of the patients.
Discussion
Both in the group with angina-like pains and normal coronary angiograms (group A) and in the group with ischaemic heart disease (group B) the pains induced by adenosine were described as being no different from the usual exercise induced chest pain. Group A was more sensitive to adenosine. This could be an expression of a generally higher sensitivity to pain of different causes or specifically to pain evoked by adenosine. Turiel et al found a lower threshold and a lower tolerance both to ischaemic forearm pain and to electrical skin stimulation, but not to cold in women with syndrome X than in those with stable angina and coronary stenoses.7 Another study of a group ofpatients with normal coronary angiograms found that despite a higher pain sensitivity in the right side of the heart to catheter manipulations the threshold for cutaneous pain stimulation by heat was higher than in a group of patients with ischaemic heart disease. '9 In the myocardium adenosine is produced under normal conditions and acts as a local vasodilator.'t During ischaemia its production is greatly enhanced and it is released in large quantities into the coronary circulation.2 22 The difference between normal physiology and ischaemia is not qualitative but quantitativewith increasing energy expenditure increasing amounts of adenosine are released.23 Our study implies an increased sensitivity also to endogenously produced adenosine. This could explain why patients with angina without coronary stenoses report pain in the absence of signs of ischaemia such as pathologically increased exertional diastolic pulmonary artery In patients with ischaemic heart disease both intravenous and intracoronary bolus doses of adenosine result in the same kind of angina-like chest pains.'0 Chest pains were not produced when adenosine was given as an infusion into the right atrium at the same dose that provoked pain when given directly into a coronary artery.'2 Further evidence is provided by the fact that when adenosine was given intravenously to patients with heart transplants the pain threshold was greatly increased. 25 The difference in sensitivity between the group with ischaemic heart disease and healthy volunteers has not been described before. This could reflect a true difference or it could be the result of the experimental design. Five patients in each of groups A and B were more intensively investigated with invasive monitoring of coronary sinus blood flow and these patients were also premedicated with oxazepam. It is possible that a subjective index such as pain could be influenced by a difference in experimental design such as this. However, this is unlikely because healthy volunteers investigated by coronary sinus catheterisation without premedication reported similar intensities of chest pain to those seen in group C after intravenous bolus doses of adenosine.26 Another explanation could be that the patients in groups A and B were all selected because they had chest pain, whereas patients with silent angina may have been recruited from a separate subgroup. We do not know how many of the subjects in group C might have belonged to this subgroup.
In conclusion, in both patient groups intravenous bolus doses of adenosine provoked chest pain that was no different from their habitual angina. Patients with normal coronary angiograms showed a lower tolerance than patients with coronary stenoses and healthy volunteers. These observations might add to the understanding of patients with angina-like pain but normal coronary angiograms. This study was supported by grants from the Swedish Heart and Lung Foundation and from Josef and Linnea Carlsson Foundation.
